Within the framework of the generalized factorization in pQCD, we investigate the multiple parton scattering and induced parton energy loss at twist-6 in deeply inelastic e-A scattering with the helicity amplitude approximation. It is shown that twist-6 processes will give rise to additional nuclear size dependence of the parton energy loss due to LPM interference effect while its contribution is power suppressed. Jet quenching, or parton energy loss induced by multiple scattering in high-energy nuclear collisions has been proposed as a very sensitive probe of the properties of the hot and dense medium [1, 2] , which recently has given a compelling theoretical explanation for many exciting experimental phenomena observed at RHIC, such as the suppression of high p T single hadron production, and the disappearance of away-side two hadron correlation [3] . To investigate the radiative energy loss, many theoretical methods have been developed so far [4] [5] [6] [7] [8] [9] [10] [11] . Recently, based on the generalized factorization theorem the twist expansion approach has been proposed to derive parton energy loss in terms of the modified parton fragmentation functions in nuclei [9, 10, 12] , and provides the first evidence that the A 2/3 dependence of the jet energy loss describes very well the HERMES data in e-A deeply inelastic scattering (DIS) [12] . This twist expansion approach has also been applied to discussing nuclear enhanced effects in the Drell-Yan process [13] , heavy quark energy loss induced by gluon radiation in nuclei [14] and other processes [15, 16] .
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In this Letter, we will extend the twist expansion approach to study the parton multiple scattering at twist-6 for e-A DIS in nuclei. In the framework of generalized factorization of high twist [17, 18] , we will derive the semi-inclusive hadronic tensor at twist-6 with the approach of helicity amplitude approximation (HAA) [10] and the corresponding parton energy loss. Also we will show the nuclear size R A dependence of parton energy loss at twist-6 due to the Landau-Pomeranchuk-Migdal (LPM) interference effect [19] .
We consider the semi-inclusive process in e-A DIS, e(L )
The differential cross section for this process has a form as
where p = [p , + 0, 0 ⊥ ] is the momentum per nucleon in the nucleus with the atomic number
while the semi-inclusive hadronic tensor is defined as here X runs over all possible final states and J μ = q e qψq γ μ ψ q is the hadronic EM current. In the parton model with collinear factorization approximation, the leading-twist contribution at the lowest order of single scattering can be factorized as,
where the momentum fraction carried by the hadron is defined as
μν is the hard partonic tensor, μ 2 I and μ 2 are the factorization scales for the initial quark distributions f A q (x, μ 2 I ) in a nucleus and the fragmentation functions D q→h (z h , μ 2 ), respectively. Including all leading log radiative corrections, the renormalized quark fragmentation function D q→h (z h , μ 2 ) satisfies the Dokshitzer-Gribov-Lipatov-Altarelli-Parisi (DGLAP) evolution equations [20] .
In the nuclei the propagating quark in DIS will experience additional scatterings with other partons from the nucleus. The rescatterings may induce additional gluon radiation which will cause the energy loss of the leading quark. Such phenomena are associated with the high twist effect. Previous results [9] [10] [11] [12] 14, 15] have discussed the double scattering which gives twist-4 contribution. Here we would like to go beyond double scattering and extend the study to investigate the twist-6 (triple scattering) processes as illustrated in Fig. 1 , and their contribution to the parton energy loss.
According to the generalized factorization theorem of high twist process [16] [17] [18] , the leading twist-6 (triple scattering) contribution with nuclear medium effect to the semi-inclusive hadronic tensor can be formulated as
, where k T is the initial gluon's intrinsic transverse momentum and T A qgg is related to the parton correlation function of one quark and two gluons in a nucleus,
Because of the collinear approximation, the tensor structure of the triple scattering is generally the same as in the leading order single scattering,H T μν in Eq. (4) can be expressed as
At twist-4 [9] [10] [11] [12] 14] there are 23 cut-diagrams, while at twist-6 there are 201 cut-diagrams. To simplify our calculations, we adopt the helicity amplitude approximation [9, 10] with the soft gluon radiation z g = (1 − z) → 0, where z g is the momentum fraction carried by the radiated gluon and z is the momentum fraction carried by the leading quark. With helicity amplitude approximation, it is similar to the twist-4 processes that the leading order contribution comes from 49 central-cut diagrams for the twist-6 processes.
For the contributions of the diagrams in Fig. 1 , the results can be expressed as
It is similar to the results of Eqs. (7) and (8), one can check that the contributions from 40 diagrams among the 49 central-cut diagrams have the form
where we introduced a symbol η = 0, 1, X and Y − represent the longitudinal momentum fraction and the spatial coordinates, respectively. In Eq. (7), the form ofH T (a) corresponds to the case for η = 0 andH T (b) in Eq. (8) is the case for η = 1. Other 38 diagrams have the similar results. According to the above factorization formula, we can prove that the fourth derivative of the above expression with respect to k T vanishes at k T = 0 when we keep only the leading terms as T → 0. Therefore, the contributions from these 40 central-cut diagrams to the hadronic tensor will vanish. As a result, only 9 central-cut diagrams as shown in Fig. 2 give non-zero contribution to the hadronic tensor with helicity amplitude approximation.
For the central-cut diagrams in Fig. 2 , the contributions have the following form (10)
For each diagram in Fig. 2 ,Ī i can be expressed as The variables x L , x 0 D and x D in the above expressions are defined as
where T is the transverse momentum of the radiated gluon, and z = − q /q − is the momentum fraction carried by the final quark. Four terms of each expression in Eqs. (11)- (19) represent the contributions from different processes and their interferences. In the collinear limit as T → 0 and k T → 0, there will be a clear cancellation of these contributions due to the LPM effect. We will see later that the LPM effect will give an additional nuclear size dependence to the parton energy loss.
Adding up all contributions together, we can derive the semi-inclusive hadronic tensor for triple scattering processes at twist-6,
where the "+" functions have a form
F (z) being any function which is sufficiently smooth at z = 1. Here we also include the virtual corrections in Eq. (23), which is obtained by using the unitarity requirement and ensures the final result to be infrared safe [9] . Considering the high-twist contributions up to twist-6, we can express the hadronic tensor as 
